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ABSTRACT

Straw man model 1 is one of the simplest regression models which can be
used to predict crop yields. A one-line regression of yield over time,
it represents the increases in yield which have occurred through the
adoption of improved varieties, and the increased use of fertilizer and
other ¢ultural practices. The performance of this model in predicting
soybean yields in Iowa, Illinois, and Indiana is evaluated. Eight model
characteristics are discussed. Indicators of yield reliability obtained
from boatstrap testing show that the bias is generally small for this
model. However, the model is unable to predict the low and high yields
accurately. The model is objective, adequate, timely, simple, and not
costly. However it does not consider known scientific relationships and
does not provide a good current measure of modeled yield reliability.

Key words: Model Evaluation, yield modeling, linear regression.
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EOREWORD

Development and application of techniques forn crop yield model test and
evaluation a7e Ampontant parts of the Yield Model Development Project in
AGRISTARS. 1/ Promising yield models available in the Literatwre on
from various neseancherns will be subjected to pergormance test and
evaluation. In ondern that there may be a common nefenrence for describing
the capabilities and Limitations of these models, criteria for doing 4o
have been developed and described in a document entitled Crop Yield Model
Test and Evaluation Crniteria (Wilson, et al., 1980). These cnilferia are
wsed both 4An the evaluation of a single model and in comparisons between
models .

The purpose of preparing this document is to gain some experdience in the
application of the criteria for evaluative purposes. A follow-up document
will use the same criteria to compare models. It 48 anticipated that the
evaluation and comparison of othern models will be done in a similar mannenr.

The models to be evafuated and compared were chosen to be quite simple
sdince the focus of attention is on the "pilot test" of the procedures.
The models involved are the "straw man" crop ydeld models developed and
discussed by Kestle (1981). This document evaluates the simplest of the
straw man models, the one Line model, negressing yield on year.

Jeanne L. Sebaugh
Mathematical Statisiician
Vield Evaluation Staff

Yield Reseanch Branch
Statistical Reseanch Divisdion

1/ Agricubture and Resources Inventorny Surveys Through Aerospace Remote
Sensing (AgRISTARS) is a mubti-agency research program £o meet some
cwvent and new infonmation needs of the U.S. Department of Agriculture.
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Evaluation of "Straw Man" Model 1,
The Simple Linear Model,
for Soybean Yields in
Iowa, Illinois, and Indiana

Jeanne L. Sebaugh
SUMMARY

Straw man model 1, simple linear regression of yield over time, describes

a uniform increase in soybean yields over time. Indicators of yield re-
liability obtained from bootstrap testing are used as a basis of comparison
between competing models and the results for straw man model 1 do not appear
very promising. The bias is generally small, however, the model is unable
to predict the low and high yields accurately. The model is objective,
adequate, timely, simple, and not costly. However, it does not consider
known scientific relationships and does not provide a good current measure
of modeled yield reliability.

DESCRIPTION OF THE MODEL

Straw Man Models Describe Technological Trends

All of the straw man models attempt to explain differences in crop yields

over time by simply fitting trend lines to the yield data. Improvements in
technology, including varieties, hybrids, fertilizers, insecticides, herbicides,
farming practices, equipment, etc., have resulted in steady improvements in
yields. There are occasional set-backs, primarily due to weather, but the
overall trend has been towards increasing yields.

The straw man models demonstrate how much of the year-to-year difference in
yield can be explained simply by this technological trend. These models are
not expected to be particularly accurate in predicting the yield for any
future year since that year's particular weather conditions are not used by

the model., However, as pointed out by Kestle (1981), these models may be
treated as '"below base' models. Any candidate model which cannot substantially
outperform a straw man model is of questionable value.

Straw Man Model 1 - Uniform Trend Over Time

Straw man model 1 is a simple linear regression over time. The statistical
model is E(Y) = B+ B1X, where Y is the soybean yield in quintals per hectare
and X is the corrésponding year number (1950=0).

The inherent assumption in a simple linear regression model is that the rate
of change in the Y variable is constant over the entire range of the X values.
In our case, this means that the year-to-year increases in yield are assumed
to be the same later on in the time period as they were earlier. Under that
assumption, BO is the yield in 1950 and B, is the increase in yield between
any two adjacent years in the time period being modeled.



EVALUATION METHODOLOGY

Eight Model Characteristics to be Discussed

The document, Crop Yield Model Test and Evaluation Criteria, (Wilson,
et al., 1980), states:

"The model characteristics to be emphasized in the
evaluation process are: vyield indication reliability,
objectivity, consistency with scientific knowledge,
adequacy, timeliness, minimum costs, simplicity, and
accurate current measures of modeled yield reliability."”

Each of these characteristics will be discussed with respect to straw man
model 1.

Bootstrap Technique Used to Generate
Indicators of Yield Reliability

Indicators of yield reliability (reviewed below) require that the parameters
of the regression model be computed for a set of data and that a yield pre-
diction be made based on that data for a given '"test" year. The values
required to generate indicators of yield reliability include the predicted
yield, Y, the actual (reported) vield, Y, and the difference between them,

d = Y-Y, for each test year. It is desirable that the data used to generate
the parameters for the model not include data from the test year.

In order to accomplish this, the ''bootstrap" technique is used. Years from
an earlier base period are used to fit the model and obtain a prediction
equation. The values of the independent variables for the test year
following the base period are inserted into the equation and a predicted
yield is generated. Then, the base period is shifted one year forward and
the process is repeated. Continuing in this way, ten (1970-1979) predictions
of yield are obtained, each independent of the data used to fit the model.

The Y and 4 values for the ten-year test period are obtained from models
derived at the crop reporting district (CRD) level, state level, and region
level. Another set of ¥ values are obtained at the state level by using a
weighted average of the predicted yields from the CRD models. Predicted
yields for the region are also obtained using a weighted average of the
predicted yields from the CRD models and from the state models. The weighting
factor used is harvested acreage for the year the prediction is made.

For Illinois and Indiana, data for 1947-1969 (23 years) are used to fit
prediction models for 1970, data for 1948-1970 (23 years) are used to fit
prediction models for 1971, etc. For Iowa, data for 1950-1969 are used to
fit prediction models for 1970 (20 years), data for 1950-1970 are used to
fit prediction models for 1971 (21 years), etc. When shifting the base
period forward, the earliest year is dropped if it would result in more than
23 years of data. A base period of consistent size is desired because of
the type of trend models with which straw man 1 will be compared and is not
necessarily a standard bootstrap procedure.



The average and percent production and the yield over the ten year test
period are listed in Table 1 for each geographic region. The percentage
of regional production contributed by each CRD is shown graphically in
Figure 1. Darker shades indicate higher production.

Review of Indicators of Yield Reliability

The Y, ¥ and d values for the ten-year test period at each geographic area
may be summarized into various indicators of yield reliability.

Indicators Based on the Differences between Y and ¥ (d)
Demonstrate Accuracy, Precision and Bias

From the d value, the mean square error (root and relative root mean square
error), the variance (standard deviation and relative standard deviation),
and the bias (its square and the relative bias) are obtained.

The root mean square error (RMSE) and the standard deviation (SD) indicate
the accuracy and precision of the model and are expressed in the original
units of measure (quintals/hectare). It is about 68% probable that the
absolute value of d for a future year will be less than one RMSE and 95%
probable that it will be less than twice the RMSE. So, accurate prediction
capability is indicated by a small RMSE.

A non-zero bias means the model is, on the average, overestimating the yield
(positive bias) or underestimating the yield (negative bias). The SD is
smaller than the RMSE when there is non-zero bias and indicates what the
RMSE would be if there were no bias. If the bias is near zero, the SD and
the RMSE will be close in value. We prefer an unbiased model, i.e. bias
close to zero.

~

Indicators Based on Relative Differences between Y and Y (rd)
Demonstrate Worst and Best Performance

The relative difference, rd=(1004/Y), is an especially useful indicator in
years where a low actual yield is not predicted accurately. This is because
years with small observed actual yields and large differences have the largest
rd values.

Several indicators are derived using relative differences. In order to
calculate the proportion of years beyond a critical error limit, we count
the number of years in which the absolute value of the relative difference
exceeds the critical limit of 10 percent. Values between 5 and 25 percent
were investigated and a critical limit of 10 percent was found most useful
in describing model performance. The worst and next to worst performance
during the test period are defined as the largest and next to largest
absolute value of the relative difference. The range of yield indication
accuracy is defined by the largest and smallest absolute values of the
relative difference.
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Figure 1. Production of soybeans by CRD (1970-79 average), as a percent of the
regional total. Darker shades indicate CRDs with higher production.

IOWA ILLINOIS AND INDIANA
CROP REPORTING DISTRICTS




Indicators Based on Y and Y Demonstrate
Correspondence Between Actual and Predicted Yields

Another set of indicators demonstrates the correspondence between actual
and predicted yields. It would be desirable for increases in actual yield
to be accompanied by increases in predicted yields. It would also be
desirable for large (small) actual yields to correspond to large (small)
predicted yields.

Two indicators relate the change in direction of actual yields to the
corresponding change in predicted yields. One looks at change from the
previous year (nine observations) and the other at change from the average
of the previous three years (seven observations). A base period of three
years is used since a longer base period would further decrease the number
of observations, while a shorter period would not be very different from the
comparison to a single previous year.

Finally, the Pearson correlation coefficient, r, between the set of actual
and predicted values for the test years is computed. It is desirable that
r(-1 < r < +1) be large and positive. A negative r indicates smaller pre-
dicted yields occurring with larger observed yields (and vice versa).

Current Measure of Modeled Yield Reliability
Defined by a Correlation Coefficient

One of the model characteristics to be evaluated is its ability to provide
an accurate, current measure of modeled yield reliability. Although a
specific statistic was not discussed in the paper, Crop Yield Model Test
and Evaluation Criteria, (Wilson, et al., 1980), it was stated that:

"This 'reliability of the reliability' characteristic

can be evaluated by comparing model generated reliability
measures with subsequently determined deviation between
modeled and 'true' yield."

For regression models, this suggests the use of a correlation coefficient
between two variables generated for each test year. One variable is an
indicator of the precision with which a prediction for the next year can
be made, based on the model development base period. The other variable
(obtained retrospectively) is an indicator of how close the predicted value
for the next year actually is to the '"true" value. The estimate of the
standard error of a predicted value from the base period model is used for
the first value, s¢, and the absolute value of the difference between the
ericted and actual yield in the test year is used as the second variable,
d|.

A non-parametric (Spearman) correlation coefficient, r, is employed since the
assumption of bivariate normality cannot be made. A positive value of

r(-1 < r < +1) indicates agreement between s; and |d|, i.e., a smaller (larger)
value of s¢ is associated with a smaller (larger) value of |d|. An r value
cloge to +1 is desirable since it indicates that a small standard error of
prediction (and therefore a narrow confidence interval about the true predicted
value) is associated with small discrepancies between predicted and actual
ylelds. If this were the case, one would have confidence in s§ as an indicator
of the accuracy of Y.



MODEL EVALUATION

Indicators of Yield Reliability Based on Differences between Y and ¥ (d) Show
Small Bias and a Standard Deviation
Between 1%-3% Quintals/Hectare

The CRD, state and region values of indicators of yield reliability based
on d for this simple linear model are given in Table 2. The bias for
CRDs is generally less than half a quintal in Iowa and Illinois and less
than a quintal in Indiana. The CRDs in Iowa and Illinois have a relative
bias of less than five percent. In Indiana, three CRDs have a relative
bias between five and ten percent, while the rest are less than five
percent.

The root and relative root mean square error values (RMSE and RRMSE) are
somewhat lower in Iowa and higher in Illinois, as can be seen for the
RMSE values in Figure 2. CRD values for RMSE range from 1.49 to 3.21
quintals/hectare and values for RRMSE range from 6.6 percent to 15.0
percent.

Generally, as the level of aggregation increases in size, the bias becomes
closer to zero and the RMSE becomes smaller. This demonstrates the greater
accuracy obtained with the data which has been stabilized through the
aggregation process. The results are very similar regardless of whether
the aggregation is done prior to fitting the model (state and region models)
or after the models are fit (CRDs aggregated and states aggregated).

Indicators of Yield Religbility Based on Relative Differences
Between Y and Y (rd) Show 1974 as Worst Year and
20-40 Percent of the Years Have rd Greater than 10 Percent

The CRD, state, and region values for indicators of yield reliability

based on rd are given in Table 3, CRD values are also shown in Figure

3-5. Two to four of the ten test years have absolute relative differences
greater than 10 percent in most (21 out of 27) of the CRDs (Figure 3).

The very low yield in 1974 caused the largest absolute relative difference
in most CRDs, ranging from 15.8 percent to 57.4 percent (Figure 4). The
range in values for the next largest absolute relative difference is 7.4
percent to 30.4 percent (Figure 5). The smallest absolute relative dif-
ference 1s sometimes zero (four CRDs) and ranged up to 3.3 percent. These
small absolute relative differences result in the range being very much like
the largest absolute relative difference varying over CRDs from 14.9 percent
to 55.4 percent.

As compared to the CRD results, the state and regional aggregate values- for
the largest and smallest absolute relative difference are somewhat lower.
There are fewer years with absolute relative differences greater than 10
percent. The method of aggregation makes little difference.
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Figure 2. Root mean square error (RMSE) for soybeans in quintals per hectare based
on test years 1970-1979. Darker shades indicate CRDs with higher
production.
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Figure 3. Percent of test years (1970-1979) the absolute value of the relative

Darker shades

difference is greater than ten percent for soybeans.
indicate CRDs with higher production.
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Figure 4. Largest absolute value of the relative difference for soybeans during the
test years 1970-1979. Darker shades indicate CRDs with higher production.
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Figure 5. Next largest absolute value of the relative difference for soybeans
during the test years 1970-1979. Darker shades indicate CRDs with

higher production.
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_ Indicators of Yield Reliability Based On
Y and Y Show Low Correspondence Between the Direction of
Change in Predicted as Compared to Actual Yields

Plots of the actual and predicted yields over the ten-year test period using
state level models are displayed in Figures 6, 7 and 8. The CRD, state and
region values for indicators of yield reliability based directly on actual
and predicted yields are given in Table 4. CRD values are also shown in
Figures 9-11.

The results for this model are poor. 1In only 3 out of 27 CRDs does the change
in direction of predicted yields agree with the change in direction of actual
yields from the previous year in over half of the test years (Figure 9). When
the direction of change is based on an average of the three previous years,

the direction of change is in agreement over half the time in only 10 of the 27
CRDs (Figure 10). Results are not much better at the state or region level.
The Pearson r is negative for five of the CRDs (Figure 11). The largest posi-
tive r is 0.53. State and region results are not much better. This indicates
that the model does a poor job of predicting high and low yields.

Change of predicted yield from previous forecasts within the current year
cannot be investigated with a straw man model since the prediction for the
current year only requires the addition of the actual yield for the previous
year. No additional forecasts are made during the growing season unless
more accurate figures for yield in previous years become available.

Base Period Indicates More Precisjion Than
Independent Tests Can Confirm

Certain statistics generated from the regression analysis of the base period
data are often used to provide some indication of expected yield reliability.
However, these statistics only reflect how well the model describes the

data used to generate the model, i.e., fit of the model, rather than how
well the model can predict given new data. Therefore, it is important to
compare these indicators of fit of the model to the independent indicators
of yield reliability discussed in the preceding sections. In this way, one
can see how these base period indicators of fit of the model do or do not
correspond to independent test indicators of yield reliability.

One indicator of yield re}iability, the mean square error (MSE), is the sum

of squared d values (d = Y - Y) for the independent test years divided by the
number of test years (Table 2). The direct analogue for the model develop-
ment base period is the residual mean square. The residual mean square is
obtained by first generating the usual least squares prediction equation

using the base period years. Then instead of predicting the yield for the
following test year, yields are predicted for each of the base period years.
The residual mean square is the sum of squared d values for these base period
years divided by the appropriate degrees of freedom (number of years minus
number of parameters estimated in fitting the model). Whereas one value of
MSE is generated for each geographic area over the entire test period, a value
of the residual mean square is generated for each base period corresponding to
a test year in that area. The low, high, and average of the base period values
for each area are given in Table 5.
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FIGURE 7

ILLINOIS
State Model

Actual and Predicted Yields for
the Test Years 1970-1979
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FIGURE 8
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Figure 9. Percent of test years (1970-1979) the direction of change in predicted
yield from the previous year agrees with the direction of change in actual
soybean yield. Darker shades indicate CRDs with higher production.
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Figure 10. Percent of test years (1970-1979) the direction of change in predicted

yield from the previous three year average agrees with the direction of
change in actual soybean yield. Darker shades indicate CRDs with higher
production.
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Figure 11. Pearson correlation coefficient between actual and predicted soybean
yields in the test years (1970-1979). Darker shades indicate CRDs
with higher production.
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The MSE values in Table 2 are also given in Table 5. The average residual mean
square is almost always less than the MSE, many times being less than half as
large. In fact, the largest residual mean square is almost always less than the
MSE. Therefore, the results from the independent test indicate less reliability
than one might have expected from base period model development results.

Another indicator of yield reliability is the correlation coefficient, r, be-
tween the observed and predicted yields for the independent test years (Table 4).
It is desirable for r to be close to +1, even though it can be negative. The
analogue for the model development base period is the square root of R2, the
coefficient of multiple determination. The square root of RZ expressed as a
proportion, R (0 < R < 1), may be interpreted as the correlation between ob-
served and predicted values for the base period years. The low, high, and
average values of R for each geographic area are given in Table 6.

The Pearson correlation coefficient values in Table 4 are also given in Table 6.
The highest positive value of r is 0.53 and some r values for negative. Average
CRD values of R range from 0.57 to 0.88. The values of r from the independent
tests are certainly much lower than the values of R from the base period. It is
obvious that levels of R (or alternatively R2) for a model development base
period are of no value in indicating independent performance of this model. 1In
fact, the base period R or R2 can be very misleading.

Model is Objective

Since the single independent variable is objectively defined (year minus 1950),
no subjective inputs are required to run the model.

Results might differ if the set of years used to generate the models were changed.
In this evaluation, the post World War II period was used, resulting in a

maximum of twenty-three years on which to base the model (1947-1969, 1948-1970,
etc.). Iowa had some slightly shorter periods since comparably defined yields
were not available until 1950.

Once the decisions on the time period to use for model development and on the
regression method to use (least squares) are fixed, the operation becomes
completely objective.

Model Does Not Consider Known Scientific Relationships

The straw man models do not consider factors which have a recognized causal re-
lationship with crop yields. For example, it is well known that year-to-year
variations in weather have an important effect on yield. Therefore, if weather
data were available, it would be consistent with scientific knowledge to include
weather variables in a model predicting crop yields. Weather variables are ex-
cluded from the straw man models yet nothing is done to account for the fact
that the yields have been influenced by weather. The yields may also have been
influenced by other non-technology factors. However, since no adjustment is
made to the yields for these non-technology factors and since these factors

are not included as independent variables in the model, the straw man model
results will be affected by non-technology influences. As was anticipated, the
calculated slope of the regression line for straw man model 1 is positive for
each base period at each geographic location.
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The assumption of straw man model l--simple linear regression--is also open to
question. That is, it may not be reasonable to expect that the rate of change
in yields has stayed constant over the model development base period. Although
technology has resulted in increasing yields, the rate of increase may be
greater or less over different portions of the time period. Also, it is known
that contributions to yield from technology may deviate widely from the trend

in any given year. For example, temporary fuel shortages may decrease potential
benefits from fertilizer/herbicide/pesticide applications.

Model is Adequate

The model can provide estimates for any geographic area having historic yield
information. This basis information would be required for any modeling effort.
Therefore, straw man model 1 is at least as adequate as any other model would be.

Model is Timely

As soon as reliable figures are available for this year's yield, the model
can be developed for estimating next year's yield.

Model is Not Costly

The only data required are the year and actual yield. These data are readily
available at no additional cost. The least squares, simple linear regression
model can be fit using any standard statistical packaged program or statis-
tical calculator.

Model is Simple

The model is simple. Users can clearly understand the basis for predicted yields.
The model is easy to use. The X values in the model are simply the year minus
1950. Thus to estimate the yield for 1980, multiply the slope by 30 and add the
intercept from a model developed using years 1957-1979.

Model Has Poor Current Measure of Modeled Yield Reliability

The CRD, state, and region values for the Spearman correlation coefficient between

the estimate of the standard error of a predicted yield value and the absolute value
of the difference between the predicted and actual yield are computed. They are

given in Table 7. The CRD correlation coefficient values are displayed in Figure

12. 1In 22 of 27 CRDs, the correlation is negative. The largest positive wvalue is
0.31. Thus, the model does not provide a good measure as to how close the pre-

dicted values will be to the actual values. Instances of years with smaller con-
fidence intervals about the true predicted value are all too often associated with
larger observed discrepancies between the actual and predicted values. The accuracy
of a predicted yield cannot be reliably judged using information provided by the model.

The value of the standard error of a predicted yield is a function of the residual
mean square and the distance of the independent variable values in the prediction
year from their average during the base period. Since the distance value is constant
over the independent test years for the straw man model, the variability in the
standard error is simply a function of the size of the residual mean square. As

can be seen from Figures 6, 7 and 8, years with larger differences between predicted
and actual yields, which increase the value of the residual mean square, alternate
with years having smaller differences. Therefore, the above results are not
surprising.
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Spearman correlation coefficient between the estimate of the standard error
of a predicted value from the base period model and the absolute value of
the difference between the predicted and actual soybean yield in the test
years (1970-79). Darker shades indicate CRDs with higher production.

Figure 12.
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CONCLUSIONS

Straw man model 1, simple linear regression of yield over time, describes

a uniform increase in soybean yields over time. Indicators of yield re-
liability obtained from bootstrap testing are used as a basis of comparison
between competing models and the results for straw man model 1 do not appear
very promising. The bias is generally small, however, the model is unable
to predict the low and high yields accurately. The model is objective,
adequate, timely, simple, and not costly. However, it does not consider
known scientific relationships and does not provide a good current measure
of modeled yield reliability.

In conclusion, as expected, straw man model 1 is truly a "below base' model.
Competing models, requiring additional inputs, will certainly be less simple
and more costly, will probably be less timely, and will possibly be less
adequate and objective. However, it is hoped that these models will pro-
vide more accurate indicators of yield reliability and current measures of
modeled yield reliability.
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